Nanodispersed powders, consisting of Mg, Mg and Ni, Mg and Pd, were 
Introduction
It is widely known, that the composition and properties of the nanoscaled powders depend strongly on their synthesis method. The ways of producing metal nanoscaled powders can be divided into two main groups. In the first, nanoparticles are formed by dispersing the bulk materials "top-down", in the second -by coagulation from vapor or plasma state -"bottomup".
The first group includes such methods as mechanical grinding, detonation synthesis, severe plastic deformation (equal-channel angular pressing) and others. They are characterized by the possibility of producing the end-product in a great number, but the time costs for producing are significantly high. "Bottom-up" synthesis can be implemented in various vapor deposition ways, which are characterized by the powder contamination absence of abradable materials and relatively little synthesis time. Plasma-chemical methods of producing micro-and nanoscaled powders, based on the usage of electric, high-frequency and induction plasma discharges, are considered as the most highly productive. The disadvantage of the induction plasma discharge, compared with arc discharge, is its low energy saturation associated with the electron temperature separation from the gas temperature and low efficiency of energy transfer from generator to plasma. The disadvantage of the electric plasma generation method is the pollution of obtained powders by electrode erosion products [1] . The using of a high frequency current for plasma generating in a discharge with a hollow water-cooled electrode can prevent this drawback [2] .
Metal particles in nanodispersed state, in contrast to the bulk metal particles, are capable of exhibiting different hydrogen sorption characteristics due to increasing the surface atoms proportion and electronic states changes with size decreasing. But at the same time, metal nanoparticles have sufficiently high chemical activity and are prone to oxidation and aggregation. Therefore, to reduce unacceptable impurities pollution and to increase the hydrogen dissociation rate near the surface, metal particles are coated with a protective shell of transition metal, oxides, [3, 4] or carbon [5] .
In this paper magnesuim used as a core since it can form a stable hydride with a hydrogen capacity of 7,6 wt.%, thereby it is considered as a very promising candidate for onboard applications [6] . Literature data [7] [8] [9] [10] suggest that the hydrogen diffusion rate increases when adding certain metals into the nanodispersed magnesium powders and the onset temperature of hydrogen desorption reduces. To obtain nanodispersed magnesium powders plasma generation was carried out in a unique, well-studied earlier HF arc discharge in an argon flow with one hollow electrode and the other -crucible with molten metal (Mg or Mg and Ni and Pd). The camera was supplied with helium for improvement of gaseous medium thermal conductivity, and hydrogen for undesirable oxygen impurities bonding. Fig. 1 shows our plasma-chemical setup used for nanoparticles synthesis. Plasma generation was carried out in a water-cooled sealed chamber (1) by a principle and scheme described by Churilov et al. [11] . In the chamber there were located two electrodes: the water-cooled hollow nickel rod (2) and magnesium (3). Magnesium was placed into the crucible consisting of a quartz tube (4) and a graphite base (5) and was heated by the inductor (6) to a temperature of 600 − 700
Experimental details
• C. The AC arc discharge (66 KHz, 12 A) (7) was carried out between the nickel electrode and the molten magnesium. Argon (plasma forming gas) was inflated through an axial bore of the nickel rod. The hydrogen supply was carried out through the space between a nickel rod and a water-cooled pipe (8), helium supply -through a lateral hole of the chamber. Gas was inflated with the rate: H 2 -5 l/min, Ar -5 l/min, He -3 l/min. The presence of hydrogen allowed to reduce the oxygen impurities content in the chamber and thus shorten the Fig. 1 . Plasma-chemical setup for the nanoparticles synthesis: 1 -water-cooled sealed chamber; 2 -water-cooled hollow nickel rod; 3 -molten magnesium; 4 -quartz tube; 5 -graphite crucible; 6 -inductor; 7 -arc discharge; 8 -water-cooled pipe oxide film thickness of the synthesized nanoparticles. The same effect could be achieved only by using expensive pure gases.
Besides pure magnesium (sample 1), magnesium with metal additives: Mg-Ni (sample 2) and Mg-Pd (sample 3) was used.
Results and discussion
Using scanning electron microscopy of the high resolution microscope SEM Hitachi S-5500 particles size and morphology were defined (Fig. 2) . Apparently from the resulted drawings, the average particles size varied within 50-100 nm, but there were large particles about 400 nm in size. Spheroidal particles and particles, which had a faceting that corresponded to the hexagonal structure, were observed.
The study of the phase composition of the samples was carried out by X-ray diffraction method using DRON-4 powder diffractometer, Cu Kα radiation. XRD diagrams of the obtained samples (Fig. 3) predominately showed reflections corresponding to Mg. Also there were reflections corresponding to MgO and Mg 2 Si phases, presented in negligible quantity. Sample 2, in addition to all the above mentioned phases, contained Ni phase.
Further, the obtained powders were hydrogenated under pressure, and analyzed by X-ray diffraction. Diffraction peaks, which characterize MgH 2 , were on the XRD diagrams of all the investigated samples.
The study of the samples sorption characteristics was performed according to the method developed by Churilov et al. [12] , using technical hydrogen (purity 99,9%). At first, the samples were purified of adsorbed gases by maintaining in vacuum at a temperature 120
• С. Hydrogen sorption was carried out under pressure of 3 MPa at 400
• C for 10 minutes. due to sample heating to 600 • C at 10 • C/min rate. Sorption-desorption process was repeated several times for each sample (Fig. 4) . The hydrogen evolution took place on average in the temperature range 300-500
• C.
Sample 1 desorbed 3,69 wt.% and 3,10 wt.% at the first and third cycles, respectively. Desorption onset temperature was 300
• C. The sorption capacity decline was due to the utilization of not enough pure hydrogen.
Experimental results did not confirm the theoretical assumptions of some authors that nickel would increase the sorption characteristics of magnesium particles [13, 14] . Sample 2 desorbed only 0,3 wt.% of hydrogen during the first cycle and the desorption onset temperature was 180
• C. In principle, this result is expected, since nickel can pass hydrogen only at above 1000 • C temperatures. Further recycling testing of this sample was inappropriate because of low sorption capacity obtained.
Desorbed hydrogen mass in sample 3 was 3,58 wt.% and 3,25 wt.% at the first and second cycles, respectively. Hydrogen desorption began at 300
It is shown theoretically that palladium atoms can be epitaxially deposited on the magnesium clusters surface. Due to the fact that the first palladium layer on the magnesium surface is more energetically favorable (energy per Pd atom is −3,381 eV) than the second Pd layer (−2,141 eV), palladium coating on the magnesium nanoparticle should have a good surface adhesion.
Also quantum chemical calculations have shown [13] that when adding nickel to magnesium the most probable is substitution of magnesium atoms for nickel atoms in the subsurface layer, due to low potential barriers of the nickel atom migration on the magnesium surface, from the temperature range at which nickel atoms will diffuse into the bulk of magnesium particles. Using X-ray microanalysis (Quantax 70 Bruker) it was shown (Fig. 5 ) that nickel located on the surface of magnesium nanoparticles forming a film, which prevented effective diffusion of hydrogen atoms, but palladium was dispersed over the volume of the sample as separate particles that was caused by synthesis parameters. Since the saturated steam pressure of palladium is 2-3 orders lower than that of nickel, then obtaining particles coated with thin palladium shell is only possible at higher temperatures that were used in this study.
Conclusion
It is shown that, based on an argon plasma flow containing nickel, magnesium particles with solid or discontinuous nickel coating could be produced. Thus, despite theoretical results, demonstrating an acceleration of the hydrogen diffusion process into magnesium around Ni centers, this effect was not experimentally observed. Protective nickel coating acted as a hydrogen penetration barrier into the magnesium core at not very high temperatures, which are interesting for application. From this perspective, palladium shell is much more promising. However, at metal spraying temperatures attainable in our setup, we were unable to obtain magnesium particles coated with palladium, but theoretical estimates showed that such particles production is possible. Subsequently, in order to protect the magnesium particles surface from the aggressive environment, to reduce the temperature of sorption and desorption and to enhance sorption capacity, it is planned to obtain magnesium nanoparticles with palladium coating and investigate their properties. 
